Genetic evidence for involvement of two distinct nonhomologous end-joining pathways in repair of topoisomerase II-mediated DNA damage.
In vertebrate cells, DNA double-strand breaks are efficiently repaired by homologous recombination or nonhomologous end-joining (NHEJ). The latter pathway relies on Ku (the Ku70/Ku86 heterodimer), DNA-PKcs, Artemis, Xrcc4, and DNA ligase IV (Lig4). Here, we show that a human pre-B cell line nullizygous for Lig4 exhibits hypersensitivity to topoisomerase II (Top2) inhibitors, demonstrating a crucial role for the NHEJ pathway in repair of Top2-induced DNA damage in vertebrates. We also show that in the chicken DT40 cell line, all NHEJ mutants (i.e., Ku70-, Lig4-, and DNA-PKcs-null cells) are equally hypersensitive to the Top2 inhibitor ICRF-193, indicating that the drug-induced damage is repaired by NHEJ involving DNA-PKcs. Intriguingly, however, DNA-PKcs-null cells display considerably less severe phenotype than other NHEJ mutants in terms of hypersensitivity to VP-16, a Top2 poison that stabilizes cleavable complexes. The results indicate that two distinct NHEJ pathways, involving or not involving DNA-PKcs, are important for the repair of VP-16-induced DNA damage, providing additional evidence for the biological relevance of DNA-PKcs-independent NHEJ. Our results provide significant insights into the mechanisms of repair of Top2-mediated DNA damage, with implications for chemotherapy involving Top2 inhibitors.